In this paper, the "character recognition" approach to recognizing a vehicle license plate is used for localizing Saudi license plates. The proposed algorithm filters out all possible objects from the license plate image and focuses on the resulting objects. The coordinates of the center point of the bounding box for these objects is calculated and then possible alignments between these objects are checked. After finding the aligned objects, the recognition algorithms are applied to differentiate the numbers from the letters in the plate.
INTRODUCTION
Automatic License Plate Recognition (ALPR) systems process images to find license plates and recognize the plate characters. ALPR is usually divided into two major parts, localization and recognition. Localization locates the part of the image which contains the license plate, while recognition identifies the individual characters on the assumption that the image being identified is that of a license plate.
Localization algorithms can follow one of three approaches [1] . The first approach is color-based. It relies on character colors to distinguish between the characters and the background. The second approach is edge-based. It uses lines which are the edges of the characters and their boundaries. The third approach is texture-based. It locates a license plate by looking for specific patterns or textures in the image.
In this paper, localization of the plate is done through the recognition of the possible characters in the plate. Recognizing these characters is done by applying three different recognition algorithms [2, 3, 4] . Localization is done by first filtering all possible objects from the license plate image. Then possible alignment between objects is used along with information about possibilities of letters and digits for each object to localize the Saudi license plate.
In section 2 a brief literature review is presented. In section 3, Saudi license plates are described. In section 4 the algorithm is detailed. Section 5 presents the various thresholds used and a discussion of the results. The paper is concluded in section 6 with a summary of achievements and suggestions for future research.
LITERATURE REVIEW
License plate localization in an image, is usually done using either histogram processing [5, 6] (gray value variation), line detection [7] (edge detection), blob analysis [8, 9] (study of regions), or a combination of these approaches. In the line processing approach, Hough Transform is used to find character lines, followed by grouping lines into closed boxes representing the characters in the license plate [7] . Histogram processing consists of extracting lines from the image (usually, either vertically or horizontally) and studying the pixel values for each of these lines. In [6] text areas on a mixed image are extracted using the numbers of white and black pixels in extracted lines. Other histogram processing methods use locations where pixels change from white to dark or vice versa to localize a license plate [5, 7] .
In [10] , low-contrast and dynamic-range problems are solved using histogram equalization. The license plate is localized using texture properties such as the aspect ratio, and color similarity.
The blob analysis approach deals with regions instead of individual pixels. Bounding boxes surrounding various regions are studied and their characteristics are used to locate license plates. By thresholding regions according to the width, height, area, width to height ratio [8] , and position on the x-axis and y-axis [9, 11] of the bounding boxes, possible license plate candidates are identified.
In [12] and [13] Super-resolution reconstruction algorithms produce images of higher resolution from low resolution frame sequences and can be applied in real-time recognition systems. In [14] plate extraction is done using an image feature extraction process. Geometric features are probabilistically modeled and detected using different detection thresholds. These results are then used within the Bayesian framework to obtain features. Table 1 shows the equivalence between English and Arabic characters in new license plates. Not all letters in the Arabic alphabet neither all characters in the English alphabet are in use in current new Saudi license plates. However, all digits (0 through 9) are in. 
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METHODOLOGY
The Character Recognition Algorithm for Plate Localization consists of the following steps:
• Pre-process the license plate
• Recognize all blobs/objects by filtering out very small or very large objects that cannot be candidates for numbers or characters.
• Find the x-coordinates of objects and find vertically aligned objects.
• If two vertically aligned objects are found, verify if these objects are numbers by using the following three algorithms:
1. Pixels Density algorithm [3] 2. Position of Peaks algorithm [2] .
Number of Peaks algorithm [4]
• Then verify if these two vertically aligned objects are letters using the same three algorithms.
The characters within the license plate might contain gaps, rough contour, small holes, or narrow breaks. Preprocessing is used to improve the image quality [15] . It converts the colored image into a binary version where pixels in the image are labeled as "object pixels" and "background pixels."
After finding two vertically aligned objects, three character recognition algorithms are run to verify that these objects are numbers. A bounding box is defined around each object. Then six lines are taken horizontally and vertically at different locations inside the bounding box of each object. The locations are defined to be at the center, the upper, lower, right, and left of the bounding box. All lines except for the center lines are taken at a factor f of the height or width (f = 1/3, 1/4, 1/5, 1/10).
The first algorithm is the Pixels density algorithm. The algorithm calculates percentages of the object pixels along the six previously mentioned lines. The pixels densities obtained identify possible candidate characters for this object.
The second algorithm is the Position of Peaks algorithm. A peak is defined as a crossing from a black pixel to a white pixel. If a line starts with a white pixel, it is considered to have one peak at the beginning. This algorithm divides each bounding box vertically into 3 equal sections (Left, Center and Right) and horizontally into 3 sections (Top, Middle and Bottom). The peaks for each of the six strategic lines are found and their positions (L, C, R) for horizontal lines or (T, M, B) for vertical lines are determined. The positions of peaks found permit to identify candidate characters for the considered object.
The third algorithm is the Number of Peaks algorithm. This algorithm calculates the number of peaks along each of the six strategic lines. The numbers obtained permit to identify candidate characters for the object considered.
Finally, using the results of all three algorithms, and the fact that there is a correspondence between the top Arabic letter or number and the corresponding vertically aligned lower English letter or number, the object is recognized. Figure 3 . License Plate Used for Simulation Figure 3 shows a license plate example and Figure 4 shows the resulting plate after preprocessing. As an example the rear light in Figure 4 will be filtered as a large object. The trunk key hole will also be filtered as a small object. The algorithm then computes the x-coordinates of the center points for each possible object as shown in Table 2 . Two objects having close x-coordinates are vertically aligned. This means they are possible candidates for letters or numbers in the plate (Arabic on top of English). However, they might be the letters K.S.A as well as the palm tree symbol in the plate, as seen in the rightmost part of the plate in Figure 3 . In Table 3 in the second and third cell of the first row, the x coordinates of two objects (that correspond to the number 3 in Arabic and Hindi) are almost equal (290.5 vs. 291.5) Which means that they are vertically aligned. First we check to see if the object is a number, so we run all three algorithms associated with recognizing numbers on it for English and Arabic. The results are shown in Table 3 . Number 999 is used for cases when the object was not recognized as a correct number. The total number of objects for the plate of Figure 3 is 22 objects. Each row of Table 3 contains the results of tests for one object. The first entry in Table 3 (under Pixel Density) for Object 1 indicates that the pixel-density algorithm was applied to object 1 and it resulted in recognizing object 1 as the number 8. Position of Peaks and Number of Peaks both returned a 1 for Object 1. Of course these three algorithms were run on the assumption that Object 1 is an English number. Table 2 shows that Objects 2 and 3 are vertically aligned, so looking at the results from all 3 algorithms applied to objects 2 and 3, we conclude that it must be the number 3 since all three algorithms when we assumed that the object 3 is an Arabic number returned 3. Objects 4 and 5 are vertically aligned and they both agree on being the number 7. Objects 6 and 7 also agree that they are the number 9 (only one algorithm (Position of Peak) was not able to recognize object 6 as an English number. Objects 9 and 10 are also aligned vertically and they agree that they are the number 5. Objects 12 and 13 are also vertically aligned and they almost agree that they are the number 2. All other vertically aligned objects do not agree on one number. All other vertically aligned objects do not agree on one number. For example, objects 14 and 15 are vertically aligned with object 14 being below object 15. This means that object 14 is an English character and object 15 is an Arabic Character. Looking at the first three columns of Table S3 , in the row corresponding to object 14, two out of three methods agree that object 14 is the English number 1. Compare this result with the last three columns in Table 4 Table 4 shows the final resulting number portion of the simulated plate so far. Similarly, the objects are checked to see if they are possible letters. All three algorithms associated with recognizing letters in English and Arabic are run on each object. Tables 5 and 6 show the corresponding results. The fifth cell in Table 6 shows the grouping of rows 12 and 13 from Table 5 . In this case, the most repeated letter is E, which is the first letter of the plate of Figure 3 . Tables 4 and 6 agree that there are 7 characters that could possibly be a new Saudi license plate. Since in Saudi license plates we have exactly three letters to the right of up to four numbers, this means that the first four characters in Tables 4 and 6 are numbers and the next three characters are letters. The fifth cell in Table 6 shows the grouping of rows 12 and 13 from Table 5 . In this case, the most repeated letter is E, which is the first letter of the plate of Figure 3 . Table 7 shows the final resulting number and letter portions of the plate under consideration. 
ANALYSIS AND RESULTS
There are three types of thresholds used for the simulation and have to be taken into account for the proposed algorithm. The first one is for the pre-processing stage, when converting the image into its negative and trying to remove most of unnecessary objects. Figure 8 shows a binarized image with a bad thresholding level. No license plate can be located in this figure even by a human being. The same figure binarized with an appropriate threshold is shown in Figure 9 which clearly contains a license plate that can be localized and its characters extracted and identified. The second threshold is before calculating the x-coordinates of the simulated objects, and it is used to remove the rest of the large or small objects that cannot be of any interest as a license plate character. The third type of threshold is when checking the alignments of the objects using their x-coordinates This threshold is used to decide whether two objects are vertically aligned or not.
The algorithm was run on images of 22 plates for a total number of 308 Arabic and English characters. Results show 83.9% accuracy for identifying the license plates when the size of the plate is small compared to the size of the image as shown in Figure 9a . The accuracy rises to 87.75 % when the size of the plate is comparable to the size of the image as shown in Figure 9b . Two main issues degraded the accuracy of the method. The large screws that are used to mount the plate onto the car might overlap with the characters of the plate. Moreover the rotation of the image of the plate about the y-axis makes it hard for the recognition algorithm to recognize the characters.
CONCLUSION
In this paper, an algorithm to locate and recognize the characters in an image of a Saudi license plate was presented. Localization of the plate is done by first determining all objects in the image that can possibly be characters in the license plate. Then all large or small objects are discarded and this method concentrates on the objects that have appropriate size. The coordinates of the center point of the bounding box for all remaining objects are found and then possible alignments between these objects are checked. After finding the aligned objects, the recognition algorithms are applied to distinguish between these objects and to differentiate the numbers from the letters in the plate.
The algorithm has shown good results in locating Saudi plates. The only limitations occur when the license plate has large screws or when the license plate is rotated in the image. This algorithm may be adapted to work on non-Saudi license plates since it relies on geometric relationships between objects and the actual shapes of the characters in a license plate. In fact, the algorithm was adapted from an earlier one [16] which was used to locate Lebanese license plates in images.
Future research should focus on automating the thresholds so that they would be function of the image properties rather than fixed for every image. Also the algorithm can be adapted to work on old Saudi license plates if needed by exploiting the horizontal alignment of characters in Saudi license plates rather than only their vertical alignment relationship. Ultimately, the system should be integrated into a full security system along with other recognition algorithms [17] .
